T he surprising discovery that elementary particles called neutrinos oscillate 1 earned its finders the 2015 Nobel Prize in Physics. Neutrinos come in three 'flavours' and, as they travel, their flavour can change. These oscillations are a purely quantummechanical phenomenon and can occur only if neutrinos have mass. However, we know from various observations 2 that these masses must be minuscule, probably less than 1 electronvolt. By comparison, the next-lightest particle, the electron, weighs about half a million electron volts.
The smallness of neutrino masses might be explained if neutrinos are Majorana particles -that is, indistinguishable from their antiparticles. This is possible because neutrinos are electrically neutral. All other fundamental particles of matter, such as electrons and quarks, have an electric charge that clearly distinguishes them from their antiparticles. The Majorana explanation could be confirmed through the observation of a radioactive decay process called neutrinoless double-β decay. However, writing in Physical Review Letters, the KamLAND-Zen Collaboration 3 finds no evidence for this process, suggesting that, if it exists, it is even rarer than previously known.
Conventional (two-neutrino) double-β decay is not particularly remarkable -it is a process whereby the nuclei of certain isotopes decay and emit two electrons and two neutrinos (Fig. 1a) . However, neutrinoless double-β decay, in which no neutrinos are emitted, could occur only for Majorana neutrinos (Fig. 1b) . In this case, the particle-antiparticle nature would be blurred and a neutrino could be emitted and reabsorbed in the same elementary process.
Neutrinoless double-β decay is possible only if neutrinos have mass, a condition that has now been confirmed, thanks to the detection of neutrino oscillations. The race is therefore on to find evidence for this elusive process. Like everything else that involves neutrinos, this is not easy. The smallness of neutrino masses guarantees that the decay, if it exists, is extremely rare -in other words, the half-life of the candidate nucleus is exceedingly long. Neutrinoless double-β-decay experiments therefore observe a large quantity of a candidate isotope (a few hundred kilograms in the present generation of experiments) in the hope of seeing a handful of decay processes in which only two electrons are emitted, each having a kinetic energy of about one mega electronvolt (ref. 4) .
However, the required isotopes are often rare in nature and need to be separated from other isotopes of the same element, which is already quite a complex enterprise. Furthermore, experimental 'backgrounds' can produce electrons in the megaelectronvolt energy range that look similar to those expected from neutrinoless double-β decay. In particular, there are major backgrounds from cosmic rays and the natural radioactivity of elements such as uranium and thoriumelements present in Earth's crust that cause unavoidable contamination of all matter around us.
The strategy adopted for suppressing these backgrounds has evolved over the past 30 years. For example, some initial experiments fashioned small quantities of the isotope (in the gram-to-kilogram range) into large, extremely thin sheets, and analysed the energy and momentum of the two emitted electrons separately. Although this method is superb at distinguishing signal from background, it is too expensive if larger quantities of the isotope are required. Therefore, most modern detectors use the isotope in bulk -in either solid or liquid form 4 . Another experimental consideration is that neutrinoless double-β decay would produce two electrons with a fixed (and known) combined energy, whereas background events mostly produce electrons with a wide range of energies. As a result, the energy resolution of the detectors in these experiments has been considered, until now, the most crucial factor in distinguishing signal from background. The best resolution comes from crystals of tellurium dioxide ( 130 TeO 2 ) and semiconductors such as germanium ( 76 Ge). However, because these crystals are limited to a few kilograms in mass, the corresponding detectors consist of segmented arrays of crystals, and the surfaces and construction materials between the crystals produce additional backgrounds 4 . The approach used by the KamLANDZen authors is strikingly different. They use an isotope of xenon ( 136 Xe), dissolved in about 10 6 kg of a liquid scintillation material in a detector; the liquid scintillator emits light when it absorbs an energetic particle.
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Search for neutrinoless double-β decay
Neutrinos are much lighter than the other constituents of matter. One explanation for this could be that neutrinos are their own antiparticles and belong to a new class of 'Majorana' particle. An experiment sets strong constraints on this scenario. Fossil, archaeological and genetic evidence indicates that early migrations out of Africa into the Levant (eastern Mediterranean) and the Arabian peninsula occurred around 120,000 to 90,000 years ago 1 , but the further dispersal of our kind halfway around the world did not begin until about 60,000 years ago 1 . This out-of-Africa migration was pulsed, with waves of dispersal eastward to south Asia, Indonesia and Australia by 50,000 years ago, migration westward to Europe by 45,000 years ago 1 , migration into north Asia by 20,000 years ago and to the Americas by 15,000 years ago 2 ( Fig. 1) . On page 92, Timmermann and Friedrich 3 provide modelling insights into the potential role of climate in the human migration out of Africa.
The role of climate change in pacing these ancient human dispersals has been the subject of intense study and debate. All hypotheses share the basic principle that climate affects resource richness, which, in turn, sets the 'carrying capacity' -the human population that can be supported in a given region. This then guides human dispersal. Climate agents that might affect resource richness include large volcanic eruptions 4 , glacial 'Heinrich events' associated with ice-sheet collapse 5 , orbital monsoonal-rainfall changes (Earth's orbit undergoes slight changes in its rotational axis every 21,000 years, which affects seasonal solar radiation and thus monsoonal climate) [6] [7] [8] and sea-level fluctuations 9 .
Many studies have used climate models to explore the effects of these palaeoclimatic agents on human migrations 5, 7, 10 . These simulations provide spatio-temporal models of ancient climates that can be compared with the available fossil, archaeological and genetic evidence. The challenge has been to construct a model that has sufficiently realistic palaeoclimate representations, while simultaneously modelling changes in human carrying capacity that match observed dispersal routes and timing 7 . It's a tough problem. Timmermann and Friedrich tackle this with the most comprehensive climate, vegetation and human-dispersal modelling study performed so far. They use a fully coupled ocean-atmosphere-vegetation climate model that is forced by specified changes in orbital insolation (solar-radiation levels that depend on Earth's tilt and changes in the Earth-Sun distance), carbon dioxide levels, glacial ice and sea-level boundary conditions to compute transient changes in climate and vegetation over the past 125,000 years. The authors validated the model climate fields against available palaeo climate and palaeoceanographic data to ensure that the results were reasonable.
There are, however, some deficiencies in the model, such as the weaker-than-observed African monsoonal-rainfall response to orbital insolation forcing that is evident in nearly all such models 11 . The authors modelled human dispersals using computer simulations of population density as a function of environmental para meters (while also accounting for parameter uncertainties) at a global geographic resolution of 1° latitude × 1° longitude.
What Timmermann and Friedrich found was both remarkable and instructive. Today, the Sahara and Arabian deserts form an effective barrier to faunal dispersals out of Africa. But in the past, changes in the orientation of Earth's axis of rotation at that time invigorated the monsoonal climate and established wetter conditions in the Arabian and Sinai
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Climate and the peopling of the world
The human dispersal out of Africa that populated the world was probably paced by climate changes. This is the inference drawn from computer modelling of climate variability during the time of early human migration. See Letter p.92
The detector's energy resolution is nowhere near that of the crystal detectors. However, its huge volume strongly shields the region of the detector in which the measurement is made from the external radioactive backgrounds, and the liquid scintillator can be purified to an extreme level 5 . As long as the authors can prove that there is no background, they can use a lack of signal for neutrinoless double-β decay to constrain the half-life of the process.
Indeed, the authors find no evidence for neutrinoless double-β decay, showing that, if the decay exists, its half-life must be longer than 1.07 × 10 26 years, which is more than 7 × 10 15 times the age of the Universe. Although this is a negative result, it is important because the possibility of discovering neutrinoless double-β decay -and therefore the Majorana nature of neutrinos -is one of the few opportunities we know of for finding evidence of physics beyond the standard model of particle physics, and potentially solving the puzzle of why neutrinos are so much lighter than all other matter particles.
Therefore, although the KamLAND-Zen result is impressive, physicists are devising improvements to the existing detection techniques, with the aim of building a new generation of detectors to extend the hunt for Majorana neutrinos. Current experiments use both segmented detectors, such as those involving crystals 6 , and large homo geneous detectors, such as the liquid-scintillation detector of KamLAND-Zen and liquid xenon time-projection chambers 7 . But the strong constraints on neutrinoless double-β decay that are set by large homogeneous detectors might suggest that the future belongs to them.
Eventually, when the external backgrounds of large homogeneous detectors have been eliminated, conventional double-β decay will become the dominant background. This process produces electrons that are uniformly distributed in the detector in the same way as a potential signal, so increasing the detector size will not help to reduce this background. However, because conventional double-β decay leads to the production of two electrons that have a wide range of combined energies, it can be distinguished from the signal if the energy resolution of the detector is significantly better than that of KamLAND-Zen. Liquid xenon time-projection chambers, which have a resolution between that of the crystal and liquidscintillation detectors, might be the detector of choice for future experiments. Alternatively, perhaps scientists will find a way to substantially improve the resolution of liquid-scintillation detectors, or grow really large crystals. ■ 
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